INTRODUCTION
============

Neurointerventional surgery has shown exponential growth in the last decade secondary to development of newer devices and more sophisticated techniques enabling neurointerventional surgeons to treat a broader and more complex spectrum of pathologies with increased success rates and safety profile. Femoral artery arteriotomy remains the preferred method of vascular access for both diagnostic and interventional procedures in the United States and the rest of the world.[@B6] While manual compression has historically been regarded as the \"gold standard\" for achievement of vascular closure after femoral artery puncture, it requires immobilization for up to 6 hours or so after the procedure and can often be associated with patient discomfort.

Various vascular closure devices have been developed in recent years in an effort to facilitate more rapid hemostasis, lessen patient discomfort, and shorten post-procedure immobilization.[@B4] While there are data demonstrating the safety and efficacy of these newer devices, there is also an unique set of rare but potentially serious vascular complications associated with these devices, which all neurointerventional surgeons need to be aware of. We report on a rare case of delayed vascular claudication after use of the AngioSeal arteriotomy closure device with a review of pertinent literature.

CASE REPORT
===========

A 26-year-old female presented with worsening headaches, dizziness, and weakness for three months. Magnetic resonance imaging (MRI) of the brain showed the presence of a left parietal lesion concerning for a vascular malformation ([Fig. 1](#F1){ref-type="fig"}). A diagnostic cerebral angiogram was performed to confirm the diagnosis and further characterize the lesion for treatment planning. The right common femoral artery was selectively catheterized using a 5F sheath and a 5F hockey-stick diagnostic angiocatheter with a 0.035 Glidewire were used for selective catheterization of the left internal carotid artery. Cerebral angiogram in anteroposterior/lateral and multiple oblique projections showed a superficial left parietotemporal Spetzler-Martin Grade I arteriovenous malformation (AVM) measuring 15.3×10.3 mm in size ([Fig. 2](#F2){ref-type="fig"}). Then, A 6F AngioSeal closure device (ACD) was deployed successfully at end of the procedure.

Postoperatively, the patient had a small puncture site hematoma with good distal pedal pulses.

The small groin hematoma appeared stable after a period of observation and she was discharged home from recovery three hours later on the same day of the procedure. However, three days after the procedure, she developed persistent right groin pain with clinical signs of vascular claudication in the right leg manifested by calf pain exacerbated by ambulation. Duplex ultrasound and computed tomography angiography (CTA) of the right femoral artery showed a partially occlusive thrombus in the right common femoral artery (CFA) ([Fig. 3](#F3){ref-type="fig"}). Vascular surgery was consulted and the patient was taken to the operating room in order to undergo thrombectomy. Intraoperatively, it was found that the previously noted \"thrombus\" was actually the AngioSeal used to close the arteriotomy ([Fig. 4](#F4){ref-type="fig"}). The patient had a stable post-operative course and was discharged in stable condition the day after explanting the AngioSeal.

DISCUSSION
==========

With rapidly increasing numbers of neuroendovascular procedures performed annually in recent years, technical considerations and complications of peripheral artery access are becoming areas of increasing concern. After femoral artery puncture, adequate hemostasis must be maintained upon removal of the catheter from the artery. Classically, this has been achieved with manual compression with very good safety and efficacy. However, this method requires longer surgeon attention, prolonged periods of immobilization for the patient and thus longer hospital stays and monitoring, which translates into increased hospital costs.[@B10] In addition, this technique is associated with increased patient discomfort and is more difficult with larger arteriotomies.[@B4] In an effort to obviate these limitations, various closure devices have been introduced in clinical practice.

Nevertheless, in some studies questioning the value of routine use of vascular closure devices, the safety of early ambulation (after 2 hours) after the release of manual compression for patients who underwent a diagnostic or therapeutic neuroendovascular procedure without the use of a closure device has been demonstrated.[@B8]

Early ambulation should not be the only concern per se; however, the majority of inpatients who undergo endovascular interventions have vascular access with larger sheaths and are often on antiplatelet medications, therefore, they are likely to be monitored in the hospital overnight and would not be discharged home in few hours anyway.

The advantage of using vascular closure devices under these circumstances are achievement of more rapid hemostasis and vascular closure while reducing patient discomfort and time required for the surgeon\'s immediate attention. Nevertheless, in high volume centers performing a number of neuroendovascular procedures, arterial puncture closure devices have been developed and used on a routine basis, including the AngioSeal, which is designed to compress the arteriotomy site between a bio-absorbable intravascular foot place and an external collagen sponge in order to circumvent some of the disadvantages associated with manual compression.[@B10] These devices have grown in popularity due to faster rates of hemostasis and avoidance of manual compression. In a recent prospective comparison of neurointerventional treatment via the femoral artery using AngioSeal vs. manual compression, AngioSeal was found to achieve significantly faster hemostasis, with a mean hemostasis of 2.4 +/- 11.8 minutes compared to 44.7 +/- 27.4 minutes in the manual compression group.[@B10] Similarly, results of a meta-analysis on complications of peripheral vascular access during cardiac angiography showed that time to hemostasis was significantly reduced with arterial closure devices compared to manual compression, with a mean difference of 17 minutes; the duration of bed rest was also shorter with arteriotomy closure devices by a mean difference of 10.8 hours.[@B4] However, complication rates of groin hematoma, bleeding, arteriovenous fistula, and pseudoaneurysms have not been shown to be reduced with the use of arteriotomy closure devices. In fact, some studies even suggested a higher rate of complications with arteriotomy closure devices.[@B4]

Vascular complications with arterial closure devices are usually associated with pre-existing peripheral vascular disease, concomitant anticoagulation, and presence of an indwelling sheath for an extended period of time.[@B3] However, the majority of these complications are considered minor and require no further surgical intervention or hospital admission.[@B3][@B4][@B10] Meta-analysis comparing the use of vascular closure devices to manual compression demonstrated a relative risk of minor complication rates such as groin hematomas, groin bleeding, and pseudoaneurysm of 1.14, 1.48, and 1.19, respectively.[@B4] In another study of 698 AngioSeal closures conducted at a single institution, the minor complication rate was 2.4%, while the major complication rate was 1.4%. Major complications were defined as those requiring therapy of hospitalization \> 48 hours, major therapy, unplanned increase in level of care, or those resulting in permanent adverse sequelae.[@B3] Vascular occlusion is a feared rare complication that is unique to use of vascular closure devices. In the literature, the majority of complications occur on the day of the procedure; however, major complications such as vessel occlusion and stenosis can also occur in delayed fashion necessitating a high index of suspicion for claudication symptoms and close follow-up after the procedure.[@B9] In their retrospective study of femoral artery closures, Carey, et al. suggested that AngioSeal in particular, has a higher rate of occlusion complications, with a rate of 0.7%, compared to other devices.[@B1] One case series by Wille et al. reported six surgically-treated complications associated with AngioSeal, in which five patients had obstructive complications.[@B9] In all of these obstructive cases, the AngioSeal had caused the femoral artery occlusion and the patients required wound exploration, removal of the Angioseal, and endarterectomy with venous patch reconstruction. Four of the five patients had leg ischemia due to occlusion of ipsilateral CFA and superficial femoral artery (SFA). Two of the five patients had a very proximal femoral bifurcation and the puncture site with Angioseal was at the CFA-SFA transition. One had a smaller CFA diameter (4-5 mm) and in another case the vessel occlusion was caused by posterior wall plaque dissection, which was captured by the Angioseal anchor. It seems that in cases where the anchor is absorbed into the vessel lumen, a fibrotic reaction ensues, resulting in occlusion of the artery with a delayed presentation of worsening claudication.[@B9]

Vascular complications associated with arterial closure devices are uncommon but are well documented in the literature.[@B1][@B4][@B5][@B6][@B7][@B9][@B10] Fortunately, major complications requiring surgical intervention and vascular repair are much less common, and when serious complications occur, they usually occur acutely in the immediate post-operative period, allowing prompt recognition and management.[@B9] However, the timing of major complications varies in different studies and has often been documented after 24 hours of using arterial closure devices,[@B2] meaning after the patient has already been discharged home, as happened in our case. Plausible risk factors for such complications include age \> 70, female, peripheral vascular disease, large size sheath, and arterial puncture very close to the bifurcation, as seen in our case ([Fig. 5](#F5){ref-type="fig"}).[@B6][@B9] This may potentially impair the proper deployment of the AngioSeal device. In addition, in patients with a puncture close to the bifurcation, it may be prudent to obtain post-operative Duplex ultrasound to ensure proper deployment of the AngioSeal and there should be a low threshold for investigating signs of possible delayed vascular complication in these patients.

CONCLUSION
==========

While large clinical studies have demonstrated the safety and effectiveness of vascular closure devices, rare but serious complications such as vascular stenosis and occlusion can occur in both acute and delayed fashion. Awareness of these rare complications associated with vascular closure devices, particularly those occurring in a delayed setting outside of direct observation by healthcare professionals, is important for both neurointerventional surgeons and patients. Appropriate pre-procedure counseling of patients receiving these closure devices regarding potential complications is essential in order to educate patients to recognize signs and symptoms of these rare complications and to minimize permanent sequelae.
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![Lateral and AP views of the left internal carotid artery injection during cerebral angiography showing a superficial left parietotemporal arteriovenous malformation (AVM) measuring 15.3×10.3 mm in size.](jcen-16-275-g002){#F2}
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